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Abstract: 

A projection exposure apparatus has an illumination optical system 3 for 
illuminating a mask 4 formed with a pattern with b 
378 

earns of radiation, and a projection optical system 7 for forming an image of the 
pattern on a workpiece 8 on the basis of radiation from the mask. The 
illumination optical system supplies an illumination radiation having a center 
wavelength of 180 nm or smaller, and the projection optical system includes at 
least one concave mirror, fifteen or less pieces of refracting lenses, and four or 
more aspherical surfaces. 
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(54)TitIe: PROJECTION EXPOSURE APPARATUS ANO METHOD, AND REFLECTION REFRACTION OPTICAL 
SYSTEM 




(57) Abstract 

A projection exposure apparatus comprises an illumination optical system (3) for illuminating a mask (4) on which a pattern is formed 
and a projection optical system (7) for forming the image of the pattern on a work (8) based on radiation from the mask. The illumination 
optical system supplies illumination light with a center wavelength of below 180 nm, and the projection optical system has at least one 
concave mirror, at most 1 5 refraction lens, and at least 4 aspherical surfaces. 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1 . ^2 Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. | | Claims Nos.: 



because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 



□ 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

1. The invention of claim 1 relates to a projection exposure apparatus 
comprising an illumination optical system for illuminating a mask on which 
a pattern is formed and a projection optical system for forming the image 
of the pattern on a work based on radiation from the mask, and involving a 
special technical feature that the projection optical system is provided with 
at least one concave mirror, at most 15 refraction lenses and at least 4 
aspherical surfaces. 

Claims 2 to 9 are dependent claims referring to claim 1 and subsequent 
claims . 

The invention of claim 10 relates to an exposure method for forming the 

1 . | x | As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. [ | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. | | As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. [ | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest |~x~| The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of additional search fees. 
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image of a pattern on a work by using a projection exposure apparatus stated 
in any one of claims 1 to 9 . 

2. The invention of claim 11 relates to a refraction reflection optical 
system comprising a first image-forming optical system including a concave 
mirror, a second image-forming optical system including an aperture stop, 
and a reflecting surface, and involving a special technical feature that 
an intermediate image is formed on a first surface by the first image-forming 
optical system, a re-formed image of the intermediate image is formed on 
a second surface by the second image-forming optical system, the reflecting 
surface is so disposed as to direct the light beam from the first 
image-forming optical system to the second image-forming optical system, 
and the reflection refraction optical system has at most 15 refraction lenses 
and at least four aspherical surfaces. 

Claim 12 is a dependent claim referring to claim 11. 

3 . The invention of claim 13 relates to a projection exposure apparatus 
comprising an illumination optical system for illuminating a mask on which 
a pattern is formed and a refection refraction projection optical system 
for forming the image of the pattern on a work based on light from the mask, 
and involving a special technical feature that the projection optical system 
has a lens component and a concave reflecting mirror both being so positioned 
as to substantially correct the chromatic aberration of the projection 
optical system with respect to the illuminating light. 

Claims 14 to 2 6 are dependent claims referring to claim 13 and subsequent 
claims . 

Claims 45 and 4 6 are dependent claims referring to claim 13 and subsequent 
claims. 

Claim 47 is a dependent claim referring to claim 45. 

4 . The invention of claim 2 7 relates to a projection exposure apparatus 
comprising an illumination optical system for illuminating a mask on which 
a pattern is formed and a refection refraction projection optical system 
for forming the image of the pattern on a work based on light from the mask, 
and involving a special technical feature that the projection optical system 
has an optical member having a refractive power and a light-transmitting 
optical member disposed near the mask so as to isolate the optical member 
having refractive power from the external atmosphere, and the interval 
between the mask and the light-transmitting optical member along the optical 
axis of the projection optical system is 50 mm or less. 

Claims 2 8 to 44 are dependent claims referring to claim 2 7 and subsequent 
claims. 

5. The invention of claim 48 relates to a projection exposure apparatus 
comprising an illumination optical system for illuminating a mask on which 
a pattern is formed and a refection refraction projection optical system 
for forming the image of the pattern on a work based on light from the mask, 
and involving a special technical feature that the projection exposure 
apparatus further comprises a first image- forming optical system including 
a concave reflecting mirror disposed along a first optical axis and a 
refracting optical member and adapted for forming an intermediate image of 
the pattern, a second image-forming optical system including a refracting 
optical member disposed along a second optical axis and adapted for forming 
a reduced image of the intermediate image on the work, a first light path 
bending member disposed between the first and second image- forming optical 
systems, and a second light path bending member disposed between the light 
path bending member and the second image-forming optical system, the first 
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and second optical axes are parallel to each other, and no refraction optical 
member is interposed between first and second optical path bending members . 
Claim 49 is a dependent claim referring to claim 48. 

The invention of claim 5 0 relates to an exposure method for forming an 
image of a pattern provided on a mask, by using a projection exposure apparatus 
stated in claim 49. 

The idea of forming an intermediate image by using a first image-forming 
optical system and re-forming an image of the intermediate image by using 
a second image-forming optical system is essential to the technical features 
of the group of inventions of item 2 . and inessential to the group of inventions 
of item 1 . The two groups have no common premise optical system, and therefore 
involve no common special technical features. 

According to the group of inventions of item 2., the number of lenses 
constituting the refraction reflection optical system and the number of 
spherical surfaces are specified, while according to the group of inventions 
of item 1., they are not specified. The two groups have no common specific 
constituent elements of the refraction reflection optical system, and 
therefore involve no common special technical features. 

Obviously, the other groups of inventions involve no common special 
technical features. 

Therefore, there is no technical relationship among the groups of 
inventions of items 1 . to 5 . involving one or more of the same special technical 
features in accordance with PCT Rule 13.2. 

Hence, the groups of inventions of items 1. to 5 . are not so linked as 
to form a single general inventive concept. 
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